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GSI BMPs

Traditional Infiltration BMPs

GSl
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Seattle Standards

GSI required to MEF

Pre-developed Pasture

— Match durations/flows to pasture condition (*/, 2-yr to 2-yr)
Pre-developed Forest

— Match durations/flows to forest condition (*/, 2-yr to 50-yr)
Peak Flow Control

— Maximum 2- and 25-year flows

Water Quality Treatment (Infiltration BMPS)
— Infiltrate 91 % through soil meeting treatment requirements
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Hydrologic Modeling

i ipitati .
Eg(.p‘ en = Use of mathematical
¥ wnihoion)  equations to estimate runoff
20-30¢

as a result of:

- weather patterns,

- land use, and
- topography.
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Capability of GSI BMPs

Flow *
BMP Control Treatment
Soil Amendment required
MGES]

Dispersion

Bioretention X
Rainwater Harvesting

Permeable Pavement X
Green Roofs X

Bioretention (w/ underdrains) X (peak) X

* Infiltrating through soil meeting Ecology treatment requirements
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Pasture Duration Std

Match flows & durations

from Y2 2-year to 2-year to
pasture condition

Q2 0r Q50

0000001 000001 00001 0001 001

Exceedance Probability
— Predereloped — Postdeveloped
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Single-Event Methods

» Single storm event (typically 24-hours)
» Simulate corresponding runoff (peak flow)
e Ex. SCS, SBUH, StormShed, xp-SWMM, HEC-HMS

(sayou) rejurey

Runoff (cfs)

Time (hrs)

Herrera Environmental Consultants, Inc.




Seattle GSI BMPs & Hydrologic
Modeling- A Lancaster, Herrera

Continuous Models

* Long-term input rainfall and evaporation
e Simulate long-term runoff, peak flows, and duration
» Ex. HSPF, WWHM, MGS Flood

(sayou) rejurey

Runoff (cfs)

Time (hrs)
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Model Status

Issue WWHMS3 Pro MG SFlood
Cost Free ~$1,500
158-year Prec/Evap Import Built-In
Bioretention Module Complete | by Jan 2010
Permeable Pvmnt Module  Use Trench by Jan 2010
Green Roof Module Complete | by Jan 2010

Flow Frequency Correct for

Infiltration BMPs M Vs
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Seattle Requirements

Rainfall / Evaporation Record:
MGS 158-year extended series

5 minute time step

HydroStats
Post Processor

. artment oPlanning nd Development 4SFT=|
MOdellng methOdS ‘Shaping and protecting Seattle’s *
for BMPs in DR ~

tormwater, Grading and
Drainage Code Revisions

Hydrostats

Prec/Evap
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Continuous Models

 Available Models
— Western WA Hydrology Model (WWHM)

— MGS Flood
(Based on HSPF)

» HydroStats

* Pre-Sized
Method

Herrera Environmental Consultants, Inc.

Model Inputs

Rainfall Record (5-min)
Evaporation Record (daily)

Impervious Area(s)
— Slope

Pervious Area(s)

— Vegetation

— Soil type (A, B, C/D)

— Slope

BMP Configurations

— Routing (stage-storage-discharge table)
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Bioretention Model Example

Site in Seattle

5 minute time-step

Soil is Till (0.5 inch/hour design infilt. rate)
Bioretention cell (12" ponding, no underdrain)
Receiving runoff from 5,000 sf of imp. area
Size area to achieve pasture standard

Using bioretention module in WWHMS3Pro

Herrera Environmental Consultants, Inc.
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Modeling Requirements

Surface flow and interflow from drainage area routed to facility.

Precipitation and Yes. If model does not apply precipitation and evaporation to facility, include the facilty area in the
Evaporation Applied | basin area (note that this will significantly underestimate the evaporation of ponded water).
Bioretention Soil For imported City of Seattle bioretention soil per specification 7-21 see Table 4.13. For compost
Infiltration Rate amended native soil, rate shall be equal to the native soil design infiliration rate.

Bioretention Soil For imported City of Seattle bioretention soil per specification 7-21, porosity is 40 percent. For
Porosity compost amended native soil, porosity can be assumed to be 30 percent.

Bioretention Soil Depth_| Minimum of 12 inches for flow control. Minimum of 18 inches for water quality treatment

Native Soil Design Measured infiltration rate with correction factor applied, if applicable (Section 4.3.3, Appendix ). If
Infiltration Rate imported bioretention soil is used, a correction factor for plugging is not required.

Infiltration Across Yes if side slopes are 3H:1V or flatter. For steeper side slopes, only infiltration across the bottom area
Wetted Surface Area__ | is modeled.

Underdrain (optional) | If underdrain is placed at bottom extent of the bioretention soil layer, all water which enters the facility
must be routed through the underdrain. If there is no liner or impermeable layer and the underdrain is
elevated within the bioretention soil, water stored in the bioretention soil below the underdrain may be
allowed to infiltrate.

tlet Structur Overflow elevation set at maximum ponding elevation (excluding freeboard). May be modeled as weir
flow over riser edge or notch. Note that total facility depth (including freeboard) must be sufficient to
allow water surface elevation to rise above the overflow elevation to provide head for discharge.
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Model Configuration

Precipitation Precipitation
5 i :
vaporation Evaporation

Surface
storage
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to native y W3

Where flow control standard f
must be met ——

Bioretention Soil

[IT] Piping T8 Aggregate
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WWHM Example

Load Precipitation/Evaporation Series

Load Alternate Pre

Precip Time SETLE}/ 1. Load WDM
Load WDM | JO:\piofvr200EA0E-03304- 1804 Dalah158 s |

Copy Tor | ' Precip
(" Ewap

Choose Input Dataset
138 Seattls Public Utiities Extended Precip Time Se
1038 Extended Evap Time Series

Start Date:

[lo/mnsssono
3. Select Dataset and Copy to Evap End Date

09/27/2097 0000 Set Dates

Use Altenate Precipevap

2. Select Dataset and Copy to Prec

4. Check “Use Alt. Prec/Evap” —
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Bioret. Representation

“Swale” bottom —
area and slope

Side slope Effective

" L Diameter and elevation of
Key Aggregate underdrain (if any)
111 Piping Underdrain er outlet structure”

9
BB Bioretention Soi Lbbase (alternative: “vertical orifice and overflow”)

Herrera Environmental Consultants, Inc.

WWHM Example

Load Precipitation/Evaporation Series

Standard ot Fostuees |

T Pl oot /E oot

Impart Enisting rout Fe

]| IR Rt vt B L FEN S
o Daizeet

35 Seatle Puble iles Extorded Frocp Tie

0% erded Evap Tine Seies

Pracp Tine Seis
CopyTa: | Prec
 Evp

I [ —
“Alternativ =

. Use‘ ”te EliiYe Se1Dates
Precip
| SRR |

TPORT DATASET

[ Use Ateinse Prech/evsn
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WWHM Example

Load Precipitation/Evaporation Series

WA Pra

= Analysis

Confirm extended
datasets imported

| Wister Gusity [ Tivromapin | Watiand Fiuctustion

R ) e e —

e otnacts [ Fiow] Stese] frecie] Evep] POC 1]

Herrera Environmental Consultants, Inc.




Seattle GSI BMPs & Hydrologic
Modeling- A Lancaster, Herrera

a
allp
e 2 Tiie S sl Buieien [Reme
o
Duston Cieria | Scaing Factors Water Qualty | Treep| |
Select ot of |
el
Timestep
& ode Ouat acors WoerQusiy| | Tivesep
SR Select Peir of ‘
o e
- [ Duratior
- by

© rshze Dustons for [T Tpercentat e [20— <
tothe 20 =l

Restore Defauls

WWHM Example

Developed Mitigated Basin  =» Impervious with same area and slope
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WWHM Example

Duration Curve Results (iterative sizing)
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WWHM Example

Developed Mitigated Basin - Route to BMP

5 part

SCENARIOS.
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WWHM Example

Flow Frequency Results

i 1005758 et
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WWHM Example

Hydrograph
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Hydrostats
Export Timeseries from WWHM

“® WWHM3 Pro bio_1.0_0.

e 1) predevelopment (target)
v npon Feees 2 t -
velopment facility inflow
REPF TP et ) post development facility inflo
Inpon Eistng rput Fle Perds o
Export Datasets
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258
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Herrera Environmental Consultants, Inc

Hydrostats

Define Timeseries Type and Name

% Seattle Public Utilities, Hydro-Stats: Example.mdb

Frequency/Duration | Water Qualty | Graphs | Hydrograph Export
Import Time Series Data from Hydrologic Model(s)
Browse for Files.

] Preview Files Before Loading

(ote:
Indicate Target and Point of Complance Tine Series)
Time Series Currently Loaded

Tine Seres Name. Time Series Type Fie Name
Fredey Pastue Flow  [Pregeveloped flow st
Inflow to Bioret Flow v |Infow to Bioreflomtxt
Bioret Outlow (POC] | Flow . Mitgated._flow.t
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3) post development facility outflow

WWHM Example

Timeseries Export
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Hydrostats

Evaluate Flow Frequency and Duration

il

Flo Edt Repot Help

DEH 2@ ()

Profect O | Tme Serie mport .l FreqiencyDuraien.D Wler ualty | Graphs | Fyograph Exprt

Runoff Frequency and Duration Statistics

Compliance nformation
Target Time Series PredevPasture

Standerd Durstions 50% 2-Vearto 2-Year
Miligeted Tie Series: Bioret Outflow (POC)

Complance Staistcs (Compare Post-Developed wi Target)
Torget Time Series: Predev Pasture

) Gt e OB A 5 o oo
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Hydrostats Hydrostats

Compliance Statistics Compliance Statistics

2

Flow Duration Plot Fle Edt Report Heb
s DGH$AB|E O

Duration Performance Project Data | Time Series mport | Frequency/Duration | Water Gualty ( Graphs ) Hycrograph Export
Excursion at 172 Q2: -95.1% PASS

Max Excursion 1/2 Q2 to Q2: -68.4% PASS Graph Settings

[T—— [BEL]

Flow Froquency EEE]
W11 Time Series2 | Bioret Outflow (POC) Exreme Vlas Type 1 ke

Time Series 1 |Predev Pasture

Graph Type

® Flow Frequency

Flow (cfs)

© Flow Durstion
O Tine Series

© WsEL Frequency
b [(DrawRetresh |
((DrawRetresn |
LL1jg8o
00 Lt AN P

10E08  10EO7  10E05  10ES  1OEO4 1003  10EQ2  10E01  10Ee00
Exceedance Probability .

Predev Pasture \, ~Bioret Outflow (POC) %,
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Hydrostats Troubleshooting

Report  ElisEn =)

WWHM Bioretention-> “Freeboard’= ponding
WWHM Bioretention - Takes 80 min to run
SPUHJArostatsProjectROPOrt . . - iesmssen WWHM Permeable Pvmnt Facilities=> Use ave.

Program Version: 1.00

Project information nformation subsurface ponding depth as aggregate depth

v WWHM Flood Frequency (peak flows) >
e sttt Incorrect for infiltration facilities (use Hydrostats)
Spnse st i Pre-sized BMPs sized using preliminary shorter
A precip series > with 158-yr series, pre-sized
infiltration BMPs are somewhat conservative and
detention BMPs sized for peak are smaller

Flow Control Performance

s [ WoeL Statitios
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BMP Performance BMP Performance
Infiltration BMPs Detention BMPs

Cannot achieve pasture or forest duration standard
for smaller areas with minimum 0.5 inch orifice

—+ Predeveloped Forest Standard >35,000sf

i+ Predeveloped Pasture Standard

= Peak Flow Control Standard
« _Feasibility Limit of 05" Orfice

Water Quality Std Predev Pasture Std Peak Control Std 5000 10,000 15000 20,000 25,000 30,000 35000 40000
Contributing Impervious Area (square feet)

Bioretention Cell (6” Ponding)

| Design Infiltration Rate 0.25 inhr]

® Design Infiltration Rate 0.5 infr
8 Design Infiltration Rate 1.0 infr

Sizing Factors

Active Vault Volume (cubic feet)

Draft Sizing Factors

Herrera Environmental Consultants, Inc. TR Herrera Environmental Consultants, Inc.
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BMP Performance
Detention BMPs

* Maximize flow control benefit:
Size 0.5” orifice and a 3-foot live storage depth for
no overflows during the 158-year period

Yearly Maximum Stage

Herrera Environmental Consultants, Inc. HERRERA

Flow Control Credits

* Impervious surface
reduction credit

e Degree standard
achieved

Seattle Public Utilities
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Flow Control Credit Design

Retained Trees
Newly Planted Trees
Green Roof
Dispersion
Permeable Pavement
Surface

— Evergreen and
deciduous trees

— Minimum 6” DBH

Herrera Environmental Consultants, Inc. HERRERA

Simplified Sizing Tool

Design Infilt. sizing
Rat /h
BMP ate (in/hr) Factor

Small sites:<10,000 sf
impervious area

Pasture and Peak Stds
Pre-designed BMPs

Flow credits

— Impervious reduction credit |6 inch
ponding

Sizing equations depth

— BMP Size = f (Impervious 12inch
Area & infiltration rate) e

Site design & BMP sizing
without continuous modeling
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Flow Control Credit BMPs

Retained Trees
Newly Planted Trees
Green Roof
Dispersion
Permeable Pavement
Surface

Herrera Environmental Consultants, Inc.

Flow Control Credit Design

Retained Trees

Newly Planted Trees — 4" single-course
Green Roof — 4" multi-course
Dispersion — 8" multi-course

Permeable Pavement
Surface

Herrera Environmental Consultants, Inc.
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Flow Control Credits

Facility Type Design Variable
Retained Trees 20% canopy area (min 100 sf/tree)
= e ——
Pavement Surface

a

Herrera Environmental Consultants, Inc. HER

Flow Control Credits

Flow Control Credit
Facility Type Design Variable _ Peak Standard
- 10% canopy area (min 50 sf/tree)
e

Green Roof 4 inch depth 71%
Permeable Slope < 2% 100% 100%
Pavement Surface

(3" subbase) Slope 2% - 5% 45%

Herrera Environmental Consultants, Inc. HERRER

Flow Control Credits

Facility Type Design Variable
Retained Trees Evergreen

Deciduous 20 sf / tree
e [
0
Permeable Slope < 2% 100% 100%
Pavement Surface o > > 7

Herrera Environmental Consultants, Inc.

Flow Control Credits

Facility Type Design Variable _ Peak Standard
_ 20% canopy area (min 100 sf/tree)
e
= e —
Permeable Slope < 2%
Pavement Surface
(@ subbase) Slope 2% - 5% 70%

Herrera Environmental Consultants, Inc.

Flow Control Credits

Flow Control Credit

Facility Type Design Variable Pasture Standard

FEENERIEES 20% canopy area (min 100 sf/tree)
= e
Permeable 100%

Pavement Surface o > o 7
(3" subbase) Slope 2% - 5% 45% 70%
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Sizing Factors

Infiltration BMPs

Sized to achieve
FC & WQ stds

Function of contributing area
and infiltration rate

Herrera Environmental Consultants, Inc.




Seattle GSI BMPs & Hydrologic
Modeling- A Lancaster, Herrera

Sizing Factor BMPs Sizing Factor Design

Bioretention Cell

Permeable
Pavement Facility

Bioretention Planter
Infiltration Trench
Drywell

Herrera Environmental Consultants, Inc.

Sizing Factor Design

Bioretention Cell

Permeable
Pavement Facility

Bioretention Planter
Infiltration Trench
Drywell

—Aggregate depth:
1.50r3

Herrera Environmental Consultants, Inc.

Sizing Factor Development

Bioretention Cell (6" Ponding) Sized for Creek Std

A Infilt Rate = 0.25 in/hr
@ Inflt Rate = 0.5 in/hr
W Inflt Rate = 1.0 in/hr

Bioretention Bottom Area (sf)
I
g 8
8 8

4,000 6,000 8,000
Contributing Impervious Area (sf)

Herrera Environmental Consultants, Inc.

HERRERA

HERRERA

HERRERA

—No underdrain
—Ponding: 2, 6 or 12”

. —Side slopes 3H:1V
Pavement Facilit . . .
y —12” bioretention soil (18"

Bioretention Planter for treatment) per Seattle
Infiltration Trench specs
Drywell

Bioretention Cell
Permeable

Herrera Environmental Consultants, Inc.

Sizing Factor Development

Continuous Modeling Methods

— WWHM3Pro

— Glacial Till (hydrologic group C)/Mod. Slope
— 5 minute time step

— Contributing Imp Area: 2,000 — 10,000 sf

— Design Infilt. Rates: 0.25, 0.5 and 1.0 in/hr
Developed Relationship

— Contributing Imp Area and BMP Area

— Linear, typical R? ~0.99

Herrera Environmental Consultants, Inc.

Sizing Factor Development

Bioretention Cell (6" Ponding) Sized for Creek Std

A Inflt Rate = 0.25 in/hr
@ Infit Rate = 0.5 in/hr
m Infilt Rate = 1.0 in/hr

Bioretention Bottom Area (sf)
8
8

2,000 4,000 6,000 8,000
Contributing Impervious Area (sf)

Herrera Environmental Consultants, Inc.
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Sizing Factor Development

Bioretention Cell (6" Ponding) Sized for Creek Std

A Inflt Rate = 0.25 in/hr y

® Infit Rate = 0.5 in/hr
m Inflt Rate = 1.0 in/hr

y=0.099x

y=0.064x

Bioretention Bottom Area (sf)
8
8

Bioret Area=0.146 X Imp. Area

2,000 4,000 6,000 8,000 10,000
Contributing Impervious Area (sf)
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Sizing Factors- Bioretention

Design
Infilt. Rate Pasture Peak Treatme
( ) Standar Standar Standard

Bioretention Cell
T T I
6 inch ponding

Herrera Environmental Consultants, Inc.

Sizing Factors- Bioretention

Design
Infilt. Rate Peak Treatmel
( ) Standar Standar

Bioretention Cell
T T I
6 inch ponding
o | e | weme | aow |
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HERRERA

H

a
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Sizing Factor Development

Bioretention Cell (6" Ponding) Sized for Creek Std

Sizing
A Infilt Rate = 0.25 in/hr y
@ Infit Rate = 0.5 in/hr Factors .
146%
y=0.099%
9.9%
y=0.064x
6.4%

m Inflt Rate = 1.0 in/hr

Bioretention Bottom Area (sf)
8
8

Bioret Area=0.146 X Imp. Area

2,000 4,000 6,000 8,000 10,000
Contributing Impervious Area (sf)

Herrera Environmental Consultants, Inc.

Sizing Factors- Bioretention

Design
Infilt. Rate Peak tmen
n/h: Stand Standard

Bioretention Cell

Com | oame | - | -
T | eme [ mwe | o |
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Bioretention Cell

Com | oame | - | -
T [ eme [ mwe | 0|
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- PP Facilities

_______Sizing Factors- PP Facilities

Design Ir Treat!
esign I reatme
sy Standard Standard

Permeable Pavement Facility

Tozs | coow | wmaw | -
depth

oz | waw | mes | -

T N N
Bioretention Planter with Underdrain
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___Sizing Factors- Tradtl. Infiltration

Design Infilf Pasture Peak eatmel
Rate (in/hr Standal Standard Standard
Infiltration Trench
2.2
T
1.5 foot depth
3.0 foot depth
Dry Well
13.6%
—

(= |
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Sizing Calculator

» Guides designer through selecting
and sizing BMPs

» Documentation for project submittal
* Includes MEF calculations

Herrera Environmental Consultants, Inc.

Design Ini Treat
Rate (in/hr) Ll
(in/hr) Standard Standal

Permeable Pavement Facility
T oz | coow | wmaw | -
depth
I T T
s [ mw [ ww | - |
I N R
Bioretention Planter with Underdrain
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o 2000 200 5000 00 10000

Contbuting Impervious Avea (sauare feet)
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